Carcinoma of the external and middle ear is a very rare disease. Despite the various treatment modalities available, its prognosis is still poor. We aimed to analyze the treatment modalities, outcomes, and validity of surgical approaches, especially in advanced tumors in the ear. Twenty-five patients with carcinoma of the external and middle ear were retrospectively analyzed. The modified Pittsburgh staging system was used for staging of the patients. Overall and disease-free survival was estimated using of Kaplan-Meier method. In our cohort of 25 patients, the majority (76%) had tumor located in external auditory meatus. The most common histologic subtype was squamous cell carcinoma (80%). More than half of patients (56%) had tumor stage IV. In the stage IV group, five patients underwent subtotal temporal bone resection and ipsilateral neck dissection. Seven patients underwent definitive radiotherapy. The remaining two patients underwent palliative chemotherapy. The 2-year overall and disease-free survival for patients with tumor stage IV was 67.7% and 57.8%, respectively. In patients with tumor stage IV, the 2-year overall survival for patients who underwent surgery was 80.0% versus 53.6% for those who underwent radiotherapy (P = 0.16). The 2-year disease-free survival for patients who underwent surgery was 80.0% versus 28.6% for those who underwent radiotherapy (P = 0.15). In the present study, the outcome of patients who received surgical treatment tended to be better than that of patients who received radiation therapy. Our results suggest that en bloc resection could be the first choice even in the advanced disease stage.
Introduction
Carcinoma of the temporal bone is extremely rare. [1] [2] [3] The frequency of occurrence is only 1-6 cases per 1 million people yearly, [1] [2] [3] and carcinoma of the external and middle ear is much rarer. [1] [2] [3] Squamous cell carcinoma (SCC) is the most ordinary histology, although other types of histopathology have been reported, e.g. adenocarcinoma, adenoid cystic carcinoma, basal cell carcinoma, melanoma, and various types of sarcoma. 3) Because of the rarity of carcinoma of the external and middle ear, the literature on these tumor is limited. 2, 3) Decisionmaking about the treatment of carcinoma of the external and middle ear should be made taking into account their various clinical behavior and clinical courses.
3) Furthermore, subtotal temporal resection can cause severe complications, such as deafness and abolition of the equilibrium function. Due to the difficulty of surgical procedures, radiotherapy is often performed as an alternative therapy for surgery.
In order to plan treatment of this rare tumor, a reliable staging system is very important. The Pittsburgh staging system has been the most widely used staging tool since 1990, and the most recent version of this system 4) proposed from a surgical perspective has been proven to be trusted and
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reproducible. On the basis of this staging system, we retrospectively reviewed a series of 25 patients with carcinoma of the external and middle ear at a single institution and compared the outcomes of various treatment modalities.
Materials and Methods
A patient database at Aichi Cancer Center Hospital was used to identify patients who were treated for carcinoma of the external and middle ear between January 1999 and December 2014. A total of 25 patients were extracted, we reviewed their present symptoms, histopathology of the tumor, tumor stages (based on the Pittsburgh staging system), treatment modality, and clinical outcomes. We evaluated and staged all tumors according to the description of clinical findings, image findings, surgical records, and pathological examination results using the latest version (2000) of the Pittsburgh staging system. 4) All surgical procedures were en bloc resection, and no piecemeal removal was performed. The principles of skull base surgery were applied to the procedure when we performed subtotal temporal bone resection. 5, 6) We performed subtotal temporal bone resection in the patients with T4 or aggressive T3 tumors (e.g. tumor invasion near the cochlea, petrous apex, or carotid canal) that could be removed en bloc and were without distant metastasis. We assessed the presence of distant metastasis by systemic enhanced computed tomography (CT) and positron emission tomography (PET), except for in the two patients who first visited in 1999 when PET was not common at that time. These two patients received systemic enhanced CT to assess the presence of distant metastasis. For lymph node metastasis in the neck, patients without invasion to the carotid artery were indicated for surgery, even if the nodal status was in the advanced stage. The contraindications of surgery for primary tumor were wide involvement of the dura mater or temporal lobe (cranial limit), invasion into the posterior fossa, and wide invasion into the sigmoid sinus (posterior limit). In patients with invasion into the sigmoid sinus, we evaluated the operability by angiography. We planned partial resection of the sigmoid sinus if we considered en bloc resection to be possible. We did not set an anterior limit, instead performing combined resection of the temporomandibular joint or total parotidectomy, if necessary. We also avoided subtotal temporal bone resection in patients with severe comorbidities.
We drew survival curves of the overall and disease-free survival using Kaplan-Meier method, and used log-rank test to assess the significance of differences in the survival curves. To analyze the association between the parameters and survival, we used Pearson's chi-square test. If any parameters were fewer than 10, we used Fisher's exact test. We defined the overall survival as the time from the date of first visit associated with the disease until the last confirmation date or the date of death. We defined the disease-free survival as the time from the beginning of the treatment for the tumor until the first recurrence or the date of death. We used the JMP software program, version 8.0.2 (SAS Institute, Inc., Cary, NC, USA), to perform all statistical analyses. P values of < 0.05 were considered to indicate statistical significance.
Results
In our cohort of 25 patients, 15 (60%) were men, and 10 (40%) were women. The mean patient age was 66.6 years (range: 39-92 years). The distribution of location was auricle in 3 patients (12%), external auditory meatus in 19 patients (76%), and middle ear in 3 patients (12%). SCC was seen in 20 patients (80%), adenoid cystic carcinoma (ACC) in 2 patients (8%), and adenocarcinoma, basal cell carcinoma, and spindle cell carcinoma in 1 patient each (4%), respectively. The number of patients with tumor stage I was 6 (24%), stage II was 3 (12%), stage III was 2 (8%), and stage IV was 14 (56%). Twenty-one patients (84%) had a treatment-naive tumor, and 4 (16%) had a recurrent tumor (Table 1 ). The most common presenting symptoms were otorrhea and otalgia (Table 2 ).
In the stage I to III groups, all patients underwent surgery. Five patients underwent lateral temporal bone Table 3 .
Seven patients experienced tumor recurrence after completion of primary treatment. Two patients had local recurrences, three had isolated regional recurrences, one had simultaneous local and regional recurrences, and one had simultaneous local recurrence and lung metastasis. The salvage treatments performed are summarized in Table 4 . The 2-year overall survival for all patients and patients with tumor stage IV was 75.8% and 67.7%, respectively (Fig. 1) . In patients with tumor stage IV, the 2-year overall survival for patients who underwent surgery was 80.0% versus 53.6% for those who underwent radiotherapy (P = 0.16; Fig. 2) . The 2-year disease-free survival for all patients and patients with tumor stage IV was 57.8% and 42.9%, respectively (Fig. 3) . In patients with tumor stage IV, the 2-year disease-free survival for patients who underwent surgery was 80.0% versus 28.6% for those who underwent radiotherapy (P = 0.15; Fig. 4) .
The 2-year overall and disease-free survival for patients with SCC stage IV was 69.3% and 45.5%, respectively. In patients with SCC stage IV, the 2-year 
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In particular, in the present study, the patients with stage IV tumors who underwent surgical treatment tended to have a better prognosis than those who were treated with radiation therapy. The tendency for patients treated by radiotherapy to have a worse survival than those who underwent surgery was also observed in patients with SCC. However, the number of patients was relatively small in the present study. Further investigations in larger populations are thus expected to produce results showing significant differences. We also examined the operation time and blood loss in six patients who underwent subtotal temporal bone resection. No previous study has reported the operation time and blood loss in subtotal temporal bone resection. Therefore, conclusively stating that our treatment choice and results are appropriate for the cases that underwent subtotal temporal bone resection is difficult. However, regarding oncological outcomes, it might be acceptable to perform subtotal temporal bone resection in patients with advanced tumors.
In a previous study, the 5-year overall and diseasefree survival rates ranged from 37% to 68% and 45%-54%, respectively. 1,3,7-13) Yin et al. 7) analyzed a relatively large population (95 cases of SCC of the external and middle ear), and the 5-year overall survival rate in patients with tumor stage IV was 29.5%. Moody et al. 4) analyzed 32 patients with primary SCC of the external auditory canal, and the 2-year overall survival rates were as follows: T1 lesions 100%, T2 80%, T3 50%, and T4 7%. Gandhi et al.
2) also described 2-year survival and 2-year progression-free survival rates of 50.7% and 30.4%, respectively. In our study in patients with tumor stage IV, the 2-year overall and 2-year disease-free survival rates were 67.7% and 42.9%, respectively. Compared to the findings from previous studies, our treatment policy appears feasible. overall survival for patients who underwent surgery was 75.0% versus 62.5% for those who underwent radiotherapy (P = 0.38; Fig. 5A ). In patients with SCC stage IV, the 2-year disease-free survival for patients who underwent surgery was 75.0% versus 33.3% for those who underwent radiotherapy (P = 0.22; Fig. 5B ).
To assess the burden of surgery, we also examined the operation time and blood loss in six patients who underwent subtotal temporal bone resection. The mean operation time was 12.1 h, and the mean blood loss was 2070 mL (Table 5) .
Discussion
We evaluated the overall and disease-free survival of patients with carcinoma of the external and middle ear and found that patients treated by radiotherapy tended to have worse overall and diseasefree survival than those who underwent surgery. Five patients received subtotal temporal bone resection as the initial treatment at our institute, and the other patient received subtotal temporal bone resection for recurrence after partial resection. 
A B
In the present study, the surgical margins were all negative, which is an important factor for improving the prognosis. 1,7) Ogawa et al. 1) indicated that the 5-year disease-free survival rate in patients with negative surgical margins was 83%, which was significantly higher than in those with positive margins (55%) or macroscopic residual disease (38%). Yin et al. 7) indicated that negative surgical margins yielded a 5-year survival rate of 76.5%, which was significantly higher than the 5-year survival rate of 20.8% for patients with positive margins. In these previous studies, the rate of negative margin for advanced stage tumor seemed to be lower than in the present study, where the rate of negative margins was 100% even in advanced stage cases (stage III; 2/2, stage IV; 5/5). In addition, the rate of tumor stage IV among negative margin cases was 31.3% (5/16). Yin et al. 7) showed a negative margin rate for tumor stage IV of 50% (10/20) , and the rate of tumor stage IV among negative margin cases was 23.3% (10/43). Ogawa et al. 1) did not describe the rate of advanced stage tumor in negative margin cases. However, based on the survival rates (5-year disease-free survival for patients with tumor stage T4: 27%), the rate of advanced stage tumor in negative margin cases does not appear to be very high. Therefore, it was impossible to directly compare the survival rates for negative surgical margins between previous studies and the present study. However, while it was also impossible to directly compare the survival rates for patients with positive and negative surgical margins in the present study, we reconfirmed the advantages of en bloc resection with negative margin based on the findings from previous studies.
While the combination of various treatment modalities helps improve the survival, the long-term survival remains unacceptably low, especially in patients with advanced tumor. Recently, carbon ion radiotherapy and arterial chemoradiotherapy have been reported to be effective and safe for locally advanced SCC of the external and middle ear. 14, 15) However, those modalities may be insufficient if used alone; for example, the 3-year overall survival in patients who received carbon ion radiotherapy was 41.6%, 14) and the 2-year overall survival in patients who received arterial chemoradiotherapy was 58.7%. 4) Given the present and previous findings, we recommend that surgery-based combination therapy be conducted.
One limitation of this study is its retrospective nature, so there may be some bias in the treatment choice. The treatment modalities were decided according to not only the clinical stages but also comorbidities, the patient's wishes and doctor's discretions. Therefore, in a few cases, surgical treatment might have been avoided when patients had severe comorbidities or extremely advanced tumors. However, in contrast, the patients who had shown a good response to induction chemotherapy were also included in the radiation therapy group. While there might be some selection bias, a portion of the patients did receive some benefit from the surgical treatment. We believe the results of this study are meaningful, as few studies have reported the efficacy of surgical treatment for carcinoma of the external and middle ear, especially in advanced tumor stages.
Conclusion
Our results suggest that en bloc resection may be suitable as the first choice for treatment in patients with carcinoma of the external or middle ear when they have no severe comorbidities, even in the advanced disease stage. However, this was a retrospective study comprising a relatively small number of patients, so further studies with a larger number of patients and longer follow-up are required to confirm that our treatment policy is appropriate. Furthermore, the treatment outcomes of patients with unresectable tumor are still quite poor and should be improved in future studies.
